Tuberculous spondylitis of vertebral augmentation following percutaneous vertebroplasty or kyphoplasty is rare. We report an unusual case of tuberculous spondylitis diagnosed after percutaneous kyphoplasty (PKP). A 54-year-old woman presented to hospital complaining of back pain following a fall 20 days prior. Radiology showed an acute osteoporotic compression (L3 fracture). The patient denied a history of pulmonary tuberculosis and there were no signs of infection. The patient was discharged from hospital 2 days after undergoing L3 PKP with a dramatic improvement in her back pain. The patient was readmitted 10 months later with a history of recurrent back pain and low-grade fever for 3 months. Imaging examinations showed severe spondylitis at the L2-L3 level, with paravertebral abscess formation and bony destruction of L2 and L3. A positive result of the T-SPOT test preliminarily confirmed the diagnosis of tuberculous spondylitis. The tuberculosis test was positive, and serum C-reactive protein levels and erythrocyte sedimentation were relatively high. Treatment for tuberculous spondylitis was started. She underwent posterior fusion and instrumentation from T12-L5 after markers for infection returned to normal. After surgery, the patient continued antituberculous and antiosteoporosis treatments. Her low back pain was relieved and low-grade fever and sweating disappeared.
Introduction
Vertebral augmentation, including percutaneous vertebroplasty and percutaneous balloon kyphoplasty, has become a safe and effective method for treating osteoporotic fracture in the clinic. 1, 2 Clinical complications of vertebral augmentation, including bone marrow and nerve root compressions, and pulmonary and cerebrovascular embolism, [3] [4] [5] are primarily associated with bone cement leakage. To date, concurrent spinal infection after vertebral augmentation has rarely been reported (see Table 1 for references). We report a patient who suffered from tuberculous spondylitis in an enhanced vertebral segment after percutaneous balloon kyphoplasty. We emphasize the clinical characteristics of this case and possible early pathological diagnosis. We analyse the possible relationship between percutaneous kyphoplasty (PKP) and the occurrence of spinal tuberculosis.
Case report
A 54-year-old woman was hospitalized because of lower back pain caused by trauma for 20 days. Lumbar magnetic resonance imaging (MRI) showed a fresh compression fracture at the L3 level ( Figure 1 ). Bone densitometry showed that the spine density was below average, with a mean spinal T-score of À2.98. A physical examination showed marked tenderness on palpation of the L3 region, with no other positive signs. Except for the incapacitating pain, the patient's vital signs were stable and there was no evidence of infection. The white blood cell (WBC) count was 6900 cells/mm the erythrocyte sedimentation rate (ESR) was 10 mm/h and the C-reactive protein (CRP) level was 0.6 mg/dL, both of which were well within the normal range.
Haematological analysis demonstrated that
Considering that the patient's low back pain persisted in the last 20 days, we chose to perform an L3 PKP (Figure 2 ), and no complications occurred during operation. No antibiotic treatment was provided before, during, and after the operation. The patient's low back pain was greatly improved after the operation, and she left the hospital 2 days later. Seven months postoperatively, she experienced recurrent back pain and underwent treatment at another hospital. The details of her treatment at this hospital were unclear. The patient was readmitted 10 months after the operation. Upon admission, she suffered from a lowgrade fever, limited motion of the lumbar spine with paravertebral muscle spasm and extensive thoracolumbar vertebral tenderness. The resting results of a physical examination were normal. A chest X-ray showed a history of obsolete pulmonary tuberculosis. An imaging examination showed severe spondylitis at the L2-L3 level, with paravertebral abscess formation and bony destruction of L2 and L3 ( Figure 3) . A haematological investigation showed that the WBC count was 11,060 cells/mm 3 , accompanied by 79.11% of neutrophil granulocytes, and the ESR and CRP level were increased (78 mm/h and 62 mg/ dL, respectively). The serum T-SPOT.TB test showed that earlier secreted antigen target-6 in the Antigen A group was 10 (normal range: 0-6) spots, culture filter protein-10 in the Antigen B group was 17 (normal range: 0-6), and the result of the T-SPOT.TB test was positive. The results of the serum T-SPOT test suggested Mycobacterium tuberculosis infection. Medication for tuberculosis was started with the diagnosis of tuberculous spondylitis. After 4 weeks of tuberculosis drug therapy, the ESR and CRP levels were almost decreased to the normal ranges. The patient underwent posterior fusion and instrumentation from T12 to L5 without neural decompression (Figure 4 ). Six months after surgery, the patient continued anti-tuberculous and anti-osteoporosis treatments, and low back pain appeared to be relieved after surgery. The patient can currently receive clinical reexaminations by herself, and there are no nerve lesions on both lower limbs.
The patient provided consent for this report.
Discussion
PKP is a good method of treating osteoporotic compression fracture, and is widely used in the clinic.
3,4 PKP leads to considerable pain relief and has a high safety, but its complications are not rare. Common complications of PKP are as follows: increased pain, cement migration into the venous system, neural foramina, posterior spinal canal, cement embolism, and infection. [5] [6] [7] Patients with spinal infection after vertebral augmentation often have immunosuppression and a relatively poor immune system, diabetes, and liver or kidney transplantation. However, there have only been a few reports related to the association between vertebral augmentation and tuberculous spondylitis. To the best of our knowledge, there have been six reports on tuberculous spondylitis after vertebral body augmentation (Table 1) . [8] [9] [10] [11] [12] [13] We present a case of tuberculous spondylitis that was diagnosed after PKP. After analysing the research articles reported in Table 1 , we found that the patients mentioned in these articles had the following characteristics: advanced age, many concurrent complications, and an impaired or deficient immune system. These characteristics may be high risk factors for the occurrence of tuberculous spondylitis after an operation. However, the exact mechanism of how tuberculous spondylitis occurs after vertebral augmentation currently remains unclear. Our patient had a previous history of tuberculosis and a chest X-ray confirmed tuberculosis after the second hospitalization. The patient was not aware of this history. After an intensive review of the literature, we examined possible reasons why tuberculous spondylitis occurs on the vertebral segment after vertebral augmentation based on the following several points.
The first point is that PKP may predispose to activate inactive tuberculosis. M. tuberculosis travels as primary lesions to all of the organs (e.g., metaphysis, vertebra, and joint synovia) through the blood circulation, and then forms micro-lesions. When immunity of the body is good, most lesions are eliminated. Only a limited number of small lesions remain static without any clinical symptoms. The term "locus minoris resistentiae" 14 refers to either a specific anatomical site that is most susceptible to bodily injury during trauma, or during the course of developing infection after an traumatic event with a particular purpose (e.g., surgery). [15] [16] [17] This phenomenon explains why tuberculous spondylitis occurs on surgical segments. PKP can be considered as surgical trauma based on this phenomenon. PKP can be considered as an initiating factor of locus minoris resistentia. This leads to reactivation of static M. tuberculosis or induces migration of CD4 þ T cells of macrophages into injured sites to release M. tuberculosis, thus causing infection of tuberculous in the vertebra.
The second point is an indication of atypical tuberculous spondylitis (early tuberculous spondylitis) instead of osteoporotic vertebral compression fracture (OVCF) for the first time. Before the first surgery, our patient denied any history of tuberculosis, and admitted a recent history of trauma. By this time, the main uncomfortable symptom was low back pain. Such a symptom was greatly aggravated when turning over in bed or after being sedentary. A physical examination showed local percussion pain, fever, and cold sweats or other discomforts, and bone mineral density indicated osteoporosis. A laboratory examination showed that the ESR and CRP level were well within the normal range. The patient's imaging findings suggested a fresh compression fracture at the L3 level. Before surgery, we considered that the diagnosis of OVCF was accurate and did not obtain the patient's permission. Therefore, we did not perform vertebral aspiration biopsy. Danchaivijitr et al. 17 performed a retrospective study on MRI images of 31 patients who were diagnosed with tuberculosis spondylitis. They found that, in some patients with tuberculosis with only invasion of vertebral bone marrow, there was low-signal intensity in T1-weighted imaging and high-signal intensity in T2-weighted imaging. Therefore, vertebral MRI signals of some patients with tuberculous spondylitis are atypically increased at the early stage. In our case, our judgment was influenced by the patient's history of trauma. Therefore, the patient was initially diagnosed with OVCF, instead of considering tuberculous spondylitis. There might be the possibility of misdiagnosis in this situation.
Despite the fact that MRI is a useful method of helping to confirm tuberculous spondylitis, a reliable diagnosis cannot made only from MRI because tuberculosis at the early stage does not show any specificity in imaging tests. 18 In particular, the early imaging findings of tuberculous spondylitis are similar to OVCF in terms of clinical characteristics and radiology findings. 19 The gold standard of diagnosis of tuberculous spondylitis is a pathological examination. However, this examination often takes a lot of time, and the detection rate and sensitivity are relatively low. We recommend conducting a tuberculous serological examination for tuberculous before an invasive diagnosis. Some studies have shown that the sensitivity and specificity of the T-Spot test for diagnosing active tuberculous are greater than 95%, and it requires a shorter time than microbiological and histological tests. 20 The T-SPOT test for diagnosing inactive tuberculous in patients with a previous history of tuberculosis was reported to be as high as 84.3%. Additionally, a significant difference in tuberculosis positivity was observed between individuals with a history of tuberculosis and those without. 21 An erythrocyte sedimentation test, C-Pro protein test, and purified protein derivative test, and even PCR analysis, are necessary for diagnosing tuberculosis. 22 The medical history of the patient also needs to be understood in detail, and knowledge of whether there are such symptoms as fever, cold sweats, and weight loss, is also required. This information is helpful in the early diagnosis of tuberculous spondylitis.
Our patient experienced limitation of motion of the lumbar spine, as well as clinical symptoms, such as back pain, lowgrade fever, and sweating. Laboratory examinations showed that the ESR and CRP levels were higher than the normal ranges. The result of a T-spot test was positive. An imaging examination suggested severe spondylitis at the L2-L3 level, with paravertebral abscess formation. Therefore, tuberculous spondylitis was the most possible diagnosis. After administering antituberculous treatment for 1 month, clinical symptoms, such as fever, sweating, and laboratory inflammatory indices, showed a dramatic decline. However, the patient's low back pain was still severe and became particularly painful when walking on the ground and turning over on bed. Considering this symptom (without nerve lesions on both lower limbs), the imaging finding of necrotic bone block protruding into the vertebral canal, and the finding that the patient had osteoporosis and possible late-onset kyphosis on the diseased vertebral segment (resulting in nerve lesions on both lower limbs), we adopted posterior, spinal, transpedicular internal fixation and fusion. Previous studies have shown that in contrast to other bacteria, M. tuberculosis has low adhesion to stainless steel and forms less polysaccharide biomembranes. 23, 24 Therefore, using an implant in the presence of tuberculous spondylitis is theoretically safe. Our patient received posterior fusion and instrumentation without performing neural decompression from T12 to L5. After surgery, the patient continued antituberculous and antiosteoporosis treatments, and low back pain was relieved. Six months after surgery, the patient can currently receive clinical reexaminations by herself, and there are no nerve lesions on both lower limbs.
Conclusion
This case demonstrates that PKP may predispose to activate inactive M. tuberculosis as a complication. Therefore, clinicians should be aware of such a possibility. The symptoms and imaging findings of tuberculous spondylitis are nonspecific. For patients with osteoporotic fracture with a medical history of tuberculosis, relevant examinations (chest X-ray) should be conducted before surgery, particularly a serological T-SPOT test for M. tuberculosis. After confirming the diagnosis of tuberculous spondylitis, sufficient antituberculous treatment should be performed. When the patient's symptoms still persist, surgical treatment is an effective therapeutic method.
